Introduction {#sec1-1}
============

Breast cancer is one of the most common cancers worldwide (Torre et al., 2015). It can be divided into different subtypes based on molecular classification and on the gene expression profiles (Rychly et al., 2008). Triple-negative breast cancer (TNBC) is an aggressive subtype, and is occurred in approximately 20-25% of patients (Korlimarla et al., 2016) resulting in poorer outcomes than other subtypes (Simon et al., 2016). The TNBC is characterized by lack of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER-2) expressions (Korlimarla et al., 2016; Lasham et al., 2016). Patients with TNBC lack the appropriate targets for targeted treatments such as endocrine therapy or trastuzumab (Liedtke et al., 2008).

The regulation of apoptotic and anti-apoptotic factors by protective cytokines has been well documented (Puthier et al., 1999) for instance Interleukin(IL)-10, IL-6 and tumor necrosis factor-α (TNF-α) have anti-apoptotic effect on a variety of tumors (Borsellino N1, 1995; Alas and Bonavida, 2003). Several reports suggest that modulation of the immune response is vital in initiation and progression of breast cancer (Hamidullah et al., 2012). Immuno-regulatory cytokines are important components of biological situation associated with breast cancer (Rao et al., 2006). Cytokines including *IL-2*, *IL-6*, *IL-8*, *IL-10*, and *TNF-α* are known to play important role in synchronized way in breast carcinogenesis (Carpi et al., 2009).

The *IL-10* is immunosuppressive and anti-inflammatory cytokine. It inhibits antigen presentation to T cells via other cytokines (Ralph et al., 1992) and its up-regulation is associated with tumorigenesis, autoimmunity, and transplantation resistance (Katsikis et al., 1994; Yang et al., 2003). The *IL-10* is produced mostly by monocytes, to some degree by lymphocytes (Fiorentino et al., 1989; Reddy et al., 2001) and by human tumor cells (Chen et al., 1994; Heckel et al., 2011). However, other cancer cells such as ovarian cancer did not express *IL-10* transcripts (Merogi et al., 1997). High serum levels of *IL-10*, *IL-6* and *TNF-α* in the cancer patients are correlated with their survival outcome, resistant to the cytotoxicity of the chemotherapeutic drugs.

The apoptotic/anti-apoptotic B-cell lymphoma 2 (Bcl-2) family members have been involved in the drug-resistant phenotype of many malignancies (Reed, 1995). The serine/threonine protein kinase AKT, a member of the phosphoinositide 3-kinase (PI3K) pathway, is involved in different cellular processes including cell proliferation and apoptosis (Franke et al., 2003). The activation of PI3K/Akt stimulates the cell survival via the phosphorylation and inactivation of several pro-apoptotic proteins, including Glycogen synthase kinase 3 (GSK-3), Bcl-2-associated death promoter (BAD) and caspase-9 (Cardone et al., 1998; Szanto et al., 2009; Lee et al., 2013). The hyper activation of PI3K/AKT is occurred in cancer (Sliva et al., 2002), therefore the inhibition of PI3K/Akt pathway may provide a new therapeutic approach for cancer treatment.

Small interference RNA (siRNA) is a genetic tool to facilitate the post-transcriptional sequence specific gene silencing (Okamoto and Murawaki, 2012). Therefore, this technique might be used for the inhibition of a specific gene *in vitro* and *in vivo* in order to understand its function. In siRNA process, a double stranded RNA combines with its homologous mRNA leading to mRNA degradation or silence of the translation process (Elbashir et al., 2001). This study aimed to evaluate the apoptotic gene regulation in human TNBC cell lines via knockdown *IL-10* using siRNA.

Materials and Methods {#sec1-2}
=====================

IL-10 and GAPDH SiRNA Transfection {#sec2-1}
----------------------------------

Transient transfection of siRNA was performed using lipofectamine transfection 3000 reagent (Invitrogen, Carlsbad, CA), according to the manufacturer's instruction. In brief, triple negative human breast cancer (MDA-MB -231) and human breast epithelial cell lines (MCF10A) were plated in triplicates with cells density of 2 × 104 per well in 12-well plates for 16 hours until cells reached approximately 70% confluence. One hour before transfection the cells were cultured in antibiotic-free medium. The cells were incubated with transfection mixtures containing 20 nM of GAPDH- or *IL-10*-siRNA for 8 hours, and then the medium was replaced with full culture medium and the cells incubated for 48 hours. Control cells (un-transfected cells) were transfected with lipofectamine 3000 reagent only. The RNA was extracted, reverse transcriptase polymerase chain reaction (RT-PCR) assay and the real time RT-PCR assay were done.

Detection of IL-10 by RT-PCR {#sec2-2}
----------------------------

To confirm the detection of *IL-10* in both MDA-MB-231 and MCF-10 A, total RNA was extracted from non-transfected cell lines. The cDNA was generated from 1μg total RNA using High capacity cDNA reverse transcriptase kit (Applied Biosystem, CA, USA). The PCR reaction was done in 50 μl, contained 20-50ng cDNA, 1X PCR Master Mix (Promega, Madison, USA), 3 mM MgCl2, 300nM of forward primer GTGATGCCCCAAGCTGAGA and reverse primer CCCCCAGGGAGTTCACATG. The PCR was performed with the following cycling profile: incubation at 94°C for 5 min followed by 40 cycles of 1 min denaturation at 95°C, 1 min annealing at 55°C, and 1 min elongation at 72°C. The last cycle was followed by a final extension of 10 min at 72°C. Polymerase chain reaction master mix without cDNA was used as negative control. The PCR products were analyzed on a 2% agarose gel stained with ethidium bromide and visualized by UV-transillumination.

Measurement of caspase-3 activity {#sec2-3}
---------------------------------

The caspase-3 activity was measured in transfected- and nontranfected-MDA-MB-231 cells by using colorimetric assay ab39401 (Abcam, Cambridge, MA 02139-1517, USA) kit according to the manufacturer instructions. In brief, transfected MDA-MB -231 cells were incompletely homogenized in 50 µl cell lysis buffer on ice for 10 minutes. After centrifugation, the protein concentrations were adjusted to 50--200 μg protein per reaction. Fifty microliter of caspase reaction mix containing 10 mM DTT was added to each well. N-Acetyl-Asp-Glu-Val-Asp p-nitroanilide (DEVD-p-NA) (200µM) substrate was added, then after 120 min incubation at 37ºC the plate was measured at 405 nm. Fold-increase in caspase 3 activity can be determined by comparing treated cells results with the level of the untreated control.

Real time RT-PCR {#sec2-4}
----------------

Quantitative real-time PCR reaction was carried out to evaluate the expression levels of *GAPDH*, *IL-10*, *PI3K*, *AKT*, *Bcl2*, *BAX*, caspase9 and caspase3. Total RNA from MDA-MB-231 and MCF10A cells were extracted using Axygen total RNA extraction kit (Axygen, Corning GmbH, Germany) according to the manufacturer's instruction. The concentration and purity of the extracted total RNA were determined by Nanodrop (Thermo Scientific, USA) in triplicates. The extracted RNA had a 260/280 ratio of 1.9--2.1. Total RNA concentration was then adjusted to 250 µg/μl before storing at --80°C immediately after extraction. The cDNA was synthesized from 1 µg RNA using high capacity cDNA reverse transcription kit (life technology, Applied biosystem, USA) according to the manufacturer's instruction. Quantitative real-time PCR reaction was used 1μl of cDNA, 300 nM of forward and reverse primers [Table 1](#T1){ref-type="table"} in 20 ul of 1X PCR master mix with SYBR Green (Applied biosystem, life technology, USA). All reactions were run in triplicate with reaction profile as pre-denaturation for 2 min at 95°C followed by 40 cycles with 95°C for 10 secs and 60°C for one min. The gene expression results were analyzed using 2^-ΔΔCT^ method using MCF10A as a control and GAPDH as endogenous control (Hafez et al., 2014). The data were expressed as mean fold changes ± standard error for three independent amplifications.

###### 

The Primers Sequence Used in This Study

  Gene name     Forward primer                    Reverse primer
  ----------- --------------------------------- ----------------------------------
  PI3K        5'-CTGTTGAACTGCAGTGCACC-3'        5'-CAATCGGTGACTGTGTGGGA-3'
  AKT         5'-CGACCGCACATCATCTCGTA-3'        5'-GGACAAGGACGGGCACATTA-3'
  Bcl2        5'-ACCTACCCAGCCTCCGTTAT-3'        5'-GAACTGGGGGAGGATTGTGG-3'
  Bax         5'-GAGCTAGGGTCAGAGGGTCA-3'        5'-CCCCGATTCATCTACCCTGC-3'
  Caspase3    5'-GCTGGATGCCGTCTAGAGTC-3'        5'-ATGTGTGGATGATGCTGCCA-3'
  Caspase-9   5'-ATTGCACAGCACGTTCACAC-3'        5'-TATCCCATCCCAGGAAGGCA-3'
  GAPDH       5'-GAA GGT GAA GGT CGG AGT C-3'   5'-GAA GAT GGT GAT GGG ATT TC-3'

Statistical analyses {#sec2-5}
--------------------

Each experiment was performed in triplicat on three independent cluture. Data were reported as means ± SEM. Student's t-test (two-tailed) was used to compare differences between groups. P \< 0.05 was considered statistically significant. Using Graph pad prism 5 software (GraphPad Software, CA, USA) The differences were considered statistically significant when p \< 0.05.

Results {#sec1-3}
=======

Transfection efficiency {#sec2-6}
-----------------------

To determine the transfection efficiency and the successful delivery of siRNA in MDA-MB-231 cells we used GAPDH as a positive control for gene silencing. The results showed a significant inhibition of GAPDH and *IL-10* mRNA expression levels after transfection compared to the non-transfected cells (P\<0.05) [Figure 1](#F1){ref-type="fig"}.

![The GAPDH and IL-10 mRNA Expression Levels in Transfected and Non-transfected Cells Measured After Transfection with 20 nM siRNA Targeting GAPDH and IL-10. GAPDH siRNA was used as a positive control for transfection efficiency. Data were presented as mean ±SEM, n = 3. \* and \# indicated significant difference from control and transfected cells, respectively.](APJCP-19-777-g001){#F1}

The effect of *IL-10* gene silencing on the expression levels of PI3K in non-transfected and transfected MDA-231 cell line was shown in [Figure 2A](#F2){ref-type="fig"}. The silencing of *IL-10* induced by siRNA resulted in a significant downregulation of PI3K by 4-fold compared to the non-transfected cells (P\<0.002) and by 5-fold compared to MCF10A cells.

The effect of *IL-10* knockdown on the AKT expression levels in non-transfected and transfected MDA-231 cell line compared to MCF10A was shown in [Figure 2B](#F2){ref-type="fig"}. The siRNA silencing of *IL-10* resulted in significant down regulation of AKT by 5.44-fold compared to the non-transfected cells and by 4-fold compared to MCF10A cells (P\<0.002). Whereas, the AKT expression levels was significantly increased in the untreated cells compared to the MCF10A cells (P\<0.005).

![The Effect of IL-10 Gene Silencing on the PI3K (A) and AKT (B) Expression Levels in MDA-231 Cell Line Compared to MCF-10 A and Non-transfected Cells. Data were presented as mean ±SEM, n =3. \* indicated significant changes from non-transfected cell line.](APJCP-19-777-g002){#F2}

[Figure 3A](#F3){ref-type="fig"} showed the effect of *IL-10* gene silencing on the Bcl2 expression levels in non-transfected and transfected MDA-231 cell line. The silencing of *IL-10* induced by siRNA resulted in a significant decrease in the Bcl2 expression level by 3.5-fold compared to non-transfected cells and by 2.5-fold compared to the MCF10A cells (P\<0.02). In the non-transfected cells, the high expression levels of Bcl2 was observed compared to MCF10A cells (P\<0.002).

![The Effect of IL-10 Gene Silencing on the Bcl2 and Caspase 9 Expression Levels in MDA-231 Cell Line Compared to MCF-10 A and Non-transfected Cells. Data were presented as mean ±SEM, n=3. \* indicated significant changes from non-transfected cell line.](APJCP-19-777-g003){#F3}

The effect of *IL-10* gene silencing on the caspase 9 expression levels in non-transfected and transfected MDA-231 cell line was shown in [Figure 3B](#F3){ref-type="fig"}. The silencing of *IL-10* resulted in up regulation of caspase 9 by 12-fold compared to the non-transfected cells and by 3.6-fold compared to the MCF10A cells (P\<0.005). In the non-transfected cells, the expression levels of caspase 9 was decreased by 70% compared to the MCF10A cells (P\<0.001).

The effect of *IL-10* silencing on the expression levels of caspase 3 and caspase 3 cleavages were shown in [Figure 4 A](#F4){ref-type="fig"} and [B](#F4){ref-type="fig"}. Gene silencing induced by siRNA lead to increase in the expression levels of caspase 3 mRNA by 31-fold compared to the non-transfected cells and by 6.3-fold compared to the MCF10A cells (P\<0.001). The increase in the caspase3 gene expression was associated with the significant increase in its cleavages in transfected cells compared to non-transfected cells.

![The Effect of IL-10 Silencing on the Expression Levels of Caspase 3 (A) and Cleavage Caspase 3 (B) in MDA-231 Cell Line Compared to MCF-10 A and Non-transfected Cells. Data were presented as mean ±SEM, n = 3. \* indicated significant changes from non-transfected cell line.](APJCP-19-777-g004){#F4}

[Figure 5 (A and B)](#F5){ref-type="fig"} shows the effect of silencing *IL-10* on the Bbc3 and BAX genes expression levels. The silencing of *IL-10* increased the Bbc3 and BAX expression levels in the transfected cells compared to the non-transfected cells. The knockdown of *IL-10* was resulted in increasing in the BbC3 expression levels by 5.4-fold compared to both the MCF10A cells and to the non-transfected cells (P\<0.002). In the same manner, the knockdown of *IL-10* lead to significant increase in the BAX expression levels by 4.2-fold compared to MCF10A and by 9.3-fold compared to the non-transfected cells (P\<0.005). On the other hand, the expression levels of BAX gene in the non-transfected cells was significantly decreased by 2-fold compared to the MCF10A cells (P\<0.05).

![The Effect of IL-10 Silencing on the Expression Levels of BbC3 (A) and BAX (B) in MDA-231 Cell Line Compared to MCF-10 A and Non-transfected Cells. Data were presented as mean ±SEM, n = 3. \* indicated significant changes from non-transfected cell line.](APJCP-19-777-g005){#F5}

Discussion {#sec1-4}
==========

The expression of cytokines within tumor microenvironment plays an important role in the cancer development and progression. Most tumor cells produce immunosuppressive cytokines which lead to their escape from the host immune response (Yanaihara et al., 2012), therefore the regulation of apoptosis in malignant cells is a vital area in cancer research. Also different cytokines play an important role in the breast cancer initiation and progression.

Anti-inflammatory cytokine such as Interleukin-10 induces immunosuppression and assists the escape mechanism of tumor cells from tumor immune surveillance. Human cancer cells can produce *IL-10* but it is mainly produced by monocytes (Heckel et al., 2011). Like several other cytokines, *IL-10* can exert dual proliferative and inhibitory effect on breast cancer cells showing its complex role in the cancer initiation and progression. Some studies reported the high *IL-10* expression levels in breast cancer paraffin section and its expression is correlated with worse outcome in patients with malignant tumor (Li et al., 2014; Zhao et al., 2015). The *IL-10* suppresses the production of other cytokines and inhibits IFN-γ synthesis. It also inhibits nuclear factor-κB (NF-κB) translocation by activating Th-cells and peripheral blood mononuclear cells that considered as a mechanism for inhibiting immediate-early pro-inflammatory response (Hamidullah et al., 2012).

In the present study, *IL-10* gene silencing induced by siRNA lead to down regulation of PI3K/AKT gene expression. The PI3K activity is associated with a variety of human tumors as breast cancer (Fry, 2001), lung cancer (Lin et al., 2001), melanomas (Krasilnikov et al., 1999), and leukemia (Martinez-Lorenzo et al., 2000). The PI3K can be activated after the cytokine activation for a specific receptor. The inhibition of PI3K/AKT pathway can be used as new chemotherapeutic targets for different types of cancer. The Akt (protein kinase B, PKB), a downstream kinase of PI3K, is involved in the cancer transformation and has some downstream substrates that may also contribute to malignant transformation (Nicholson and Anderson, 2002). Some of these substrates are Bad, procaspase-9, I-kB kinase (IKK), cAMP response element binding protein (CREB), the fork head family of transcription factors (FKHR/AFX/FOX), glycogen synthase kinase-3 (GSK-3), cyclin-dependent kinase inhibitor 1 (p21Cip1) and Rapidly Accelerated Fibrosarcoma (Raf) (Nicholson and Anderson, 2002).

The Bcl2 is a family of proteins includes the anti-apoptotic and pro-apoptotic molecules. Its members are important regulators for apoptosis and inflammation. The Bcl2 family is classified into three subfamilies (depending on the homology and the function of each protein: The first subfamily has anti-cell death activity e.g. Bcl2, B-cell lymphoma-extra-large (Bcl-xL) and B-cell lymphoma-2-like protein 2 (Bcl2L2). The second subfamily has pro-apoptotic activity e.g. Bax and B-cell lymphoma -2 antagonist killer 1 (Bak). The third subfamily includes pro-apoptotic protein e.g. Bcl2-Interacting Killer (Bik) and BH3 interacting-domain death agonist (Bid) (Tsujimoto, 1998). In the current study, the silencing of *IL-10* lead to downregulation of the Bcl2 gene expression. The *IL-10* is a known promoter of Bcl-2 expression in the hematopoietic cells (Levy and Brouet, 1994; Cohen et al., 1997). Therefore, the down-regulation of Bcl-2 expression may serve as a possible mechanism for the sensitization of tumor cells to a variety of chemotherapeutic drugs.

The Bcl-2-binding component 3 (Bbc3), also known as p53 upregulated modulator of apoptosis (PUMA), gene encodes a member of the Bcl-2 family of proteins. It can bind to the anti-apoptotic Bcl-2 family members to induce mitochondrial dysfunction and caspase activation (Nakano and Vousden, 2001; Gomez-Lazaro et al., 2005; Belle et al., 2016). In the current study, silencing the *IL-10* gene increased the Bbc3 and BAX expression levels in the transfected cells compared to the non-transfected cells. Similarly, PUMA can promote apoptosis either by the direct inhibition of the anti-apoptotic molecules or the direct activation of Bax and Bak (Nakano and Vousden, 2001). The PUMA is involved in various apoptotic responses (Akhtar et al., 2006; Hikisz and Kilianska, 2012), and can play a major role in the control of memory T- and B-lymphocyte survival (Akhtar et al., 2006). Because of Bbc3 gene pro-apoptotic role, it may be a possible drug target for tumor treatment.

The phosphorylation of several substrates by Akt increases the cell resistance to apoptosis. The Akt activation enhances the expression of Bcl-2 anti-apoptotic gene via phosphorylation of cyclic AMP response binding protein (Pugazhenthi et al., 2000). Synergy or additive effects between PI3K/AKT pathway and Bcl-xL in controlling apoptosis were reported in lung cancer (Qian J1, 2009). The mechanism by which *IL-10* induces its protective effects against apoptosis are still unknown, but it may be involved in common pathways of diverse drugs use to induce apoptosis. The Bcl-2 plays an important role in the cancer cells survival via increasing their ability to resist different apoptotic stimuli (Alas et al., 2001).

The caspases are a family of genes broadly classified by their known roles in apoptosis (caspase-3, -6,-7, -8, and -9 in mammals), and in inflammation (caspase-1, -4, -5, -12 in humans and caspase-1, -11, and -12 in mice) (McIlwain et al., 2015). The caspases involved in apoptosis can be sub-classified by their mechanism of action as initiator (caspase-8 and -9) or killer caspases (caspase-3, -6, and -7). In the present study, caspase3 (and its cleavage) and caspase9 were up-regulated resulted in silencing of *IL-10*. Similarly, other study found that the increase levels of *IL-10* leads to caspase 3 inactivation via NF-kB inactivation (Bachis et al., 2001). Thus, *IL-10* has an intrinsic ability to inhibit directly or indirectly caspase-3 activity, and this mechanism can explain the protective effect of *IL-10* on neurons cells (Grilli et al., 2000). Caspase-9 is activated by the dimerization induced when the caspase-9 CARD domain binds to the adapter protein apoptotic protease-activating factor-1 (APAF1) (Shiozaki et al., 2002). Both APAF1 and caspase-9 exist in an inactive form that could be activated by cytochrome c released from the mitochondria after the cells exposed to the stress.

In conclusion, the production of *IL-10* may represent a new escape mechanism by breast cancer cells to evade the destruction of cancer cells by the immune system. The *IL-10* gene silencing causes down regulation of both PI3K/AKT and Bcl2 genes expression and also increases the Bbc3, BAX, caspase3, and caspase 3 cleavage expression levels. Therefore, IL--10 may be used as a good target for breast cancer treatment.
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